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GPCI	
  Transect	
  
TransiJon	
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  stratocumulus	
  to	
  trade	
  cumulus	
  

2	
  

1.3

1.3

1
.4

1.4

1
.5

1.5

1
.5

1
.5

1.6

1.6
1
.6

1.6

1
.6

1.8

1.8

1
.8

1.8

1
.8

1.9

1.
9

1.9

1.
9

1.9

2
.0

2
.0

Low Clouds, JJA Mean

longitude

la
ti

tu
d

e

 

 

190 200 210 220 230

15

20

25

30

35

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

14 14

14

1
4

14

1
7

1
7

17

2
0

20

2
3

2
6

longitude

la
ti

tu
d

e

Northeast Pacific

 

 

190 200 210 220 230

15

20

25

30

35

275

280

285

290

295

300

Subtropical	
  marine	
  stratocumulus	
  regions	
  might	
  be	
  an	
  important	
  lever	
  in	
  the	
  climate	
  system.	
  
Regional	
  energy	
  and	
  water	
  budgets	
  could	
  provide	
  a	
  holisJc	
  test	
  for	
  observaJons	
  &	
  models.	
  
	
  



Energy	
  and	
  Water	
  Budgets	
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  height	
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Ingredients	
  in	
  the	
  budgets	
  

ObservaJonal	
  
MAGIC,	
  COSMIC,	
  CloudSat,	
  CALIPSO,	
  Aqua	
  (MODIS)	
  
	
  
Reanalysis	
  
ECMWF	
  ERA-­‐Interim	
  	
  
	
  
For	
  uncertainty	
  esJmaJon	
  
GPCP,	
  CERES,	
  	
  NCEP	
  

4	
  



Boundary	
  Layer	
  Height	
  (BLH)	
  
COSMIC BL height (km), JJA Mean
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COSMIC	
  radio	
  occultaJon	
  data	
  (JJA)	
  
MAGIC	
  radiosonde	
  profiles	
  (JJA)	
  –	
  esJmate	
  inversion	
  heights	
  from	
  RH	
  profiles	
  
EsJmated	
  coast	
  bias	
  error	
  by	
  matching	
  COSMIC	
  to	
  MAGIC	
  on	
  distance-­‐from-­‐coast	
  basis	
  

	
  Probably	
  caused	
  by	
  COSMIC	
  5°	
  resoluJon	
  and	
  the	
  Sierra	
  Nevada	
  
	
  Affects	
  advecJon,	
  entrainment,	
  radiaJon	
  terms	
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Cloud	
  FracJon	
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Low	
  clouds:	
  up	
  to	
  680	
  hPa	
  (about	
  3.4	
  km).	
  
2B-­‐GEOPROF-­‐LIDAR	
  product	
  (Mace	
  et	
  al.	
  2009)	
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CloudSat cloud cover JJA

CloudSat low clouds JJA
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Horizontal	
  AdvecJon	
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ECMWF	
  ERA-­‐Interim	
  
RMS	
  uncertainty	
  esJmated	
  from	
  NCEP	
  reanalysis	
  of	
  θ-­‐advecJon	
  (do.ed	
  red	
  line)	
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Surface	
  Fluxes	
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ECMWF	
  ERA-­‐Interim	
  with	
  RMS	
  uncertainty	
  from	
  NCEP.	
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Low	
  rain	
  is	
  rain	
  from	
  cloud	
  tops	
  
up	
  to	
  680	
  hPa	
  (about	
  3.4	
  km).	
  
2C-­‐PRECIP-­‐COLUMN	
  product	
  
(Lebsock	
  et	
  al.	
  2011).	
  	
  	
  

We	
  cut	
  high	
  rain	
  (storms).	
  
	
  
Uncertainty	
  esJmated	
  from	
  GPCP.	
  	
  



Subsidence,	
  Entrainment	
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Low-­‐pass	
  filter	
  applied	
  to	
  remove	
  low-­‐frequency	
  noise
	
  red	
  do.ed	
  line	
  is	
  before	
  filtering	
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WB2004=	
  Wood	
  &	
  Bretherton	
  2004	
  



Cross-­‐inversion	
  jumps	
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From	
  MAGIC	
  radiosondes.	
  
Uncertainty	
  esJmates	
  are	
  from	
  examinaJon	
  of	
  individual	
  jumps.	
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Cross-­‐inversion	
  jumps	
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Cross-­‐inversion	
  jumps	
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Cross-­‐inversion	
  jumps	
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Entrainment	
  of	
  qt	
  and	
  θl	
  

16	
  

15 20 25 30 35
−150

−100

−50

0

50

100

150

latitude (degrees)

E
n

tr
a

in
m

e
n

t 
te

rm
s

 (
W

 m
−

2
)

 

 
ρ c

p
 w

e
 ∆ θ

l

ρ L w
e
 ∆ q

t



RadiaJon	
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2B-­‐FLXHR-­‐LIDAR	
  product	
  
(Henderson	
  et	
  al.	
  2013).	
  
	
  
Uncertainty	
  esJmates	
  from	
  
TOA	
  comparisons	
  with	
  CERES	
  
(Henderson	
  et	
  al.	
  2013).	
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Energy	
  Budget	
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Caldwell	
  et	
  al.	
  2005	
  (CBW2005)	
  was	
  a	
  six	
  day	
  ship-­‐based	
  experiment	
  in	
  the	
  SE	
  Pacific.	
  
.	
  

Small	
  increases	
  in	
  rain	
  heaJng	
  (15	
  
Wm-­‐2)	
  and	
  SW	
  (5	
  Wm-­‐2)	
  balanced	
  
by	
  decreasing	
  entrainment	
  
heaJng	
  (-­‐6	
  Wm-­‐2),	
  increasing	
  
advecJve	
  cooling	
  (-­‐4	
  Wm-­‐2),	
  and	
  
decreased	
  mixing	
  (-­‐5	
  Wm-­‐2)	
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Water	
  Budget	
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Increasing	
  evaporaJon	
  balanced	
  
in	
  roughly	
  equal	
  parts	
  by	
  
entrainment	
  drying,	
  rain,	
  and	
  
horizontal	
  advecJon.	
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Second	
  applicaJon	
  of	
  MAGIC	
  data:	
  

checking	
  AIRS	
  and	
  ECMWF	
  temperature	
  and	
  mixing	
  raJo	
  profiles	
  
against	
  MAGIC	
  radiosondes	
  
	
  
work	
  in	
  progress	
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AIRS	
  and	
  ECMWF	
  vs.	
  MAGIC	
  radiosondes	
  

23	
  

460	
  MAGIC	
  soundings	
  compared	
  with	
  AIRS	
  and	
  ECMWF	
  



24	
  



Conclusions	
  

BL	
  energy	
  and	
  water	
  budgets	
  close	
  to	
  3	
  Wm-­‐2.	
  We	
  observe	
  a	
  gradual	
  change	
  
between	
  stratocumulus	
  and	
  cumulus	
  regimes,	
  involving	
  rebalancing	
  between	
  
most	
  budget	
  terms	
  
	
  
Our	
  understanding	
  of	
  uncertainJes	
  and	
  errors	
  on	
  our	
  data	
  is	
  sJll	
  in	
  early	
  days	
  	
  

	
  budget	
  analyses	
  highlight	
  this,	
  and	
  may	
  help	
  
	
  
ObservaJonal	
  budgets	
  can	
  provide	
  a	
  holisJc	
  picture	
  of	
  a	
  region	
  

	
  this	
  may	
  prove	
  useful	
  for	
  tesJng	
  data	
  and	
  models	
  
	
  
Ongoing	
  and	
  future	
  work:	
  	
  

	
  AIRS	
  profile	
  comparisons	
  to	
  MAGIC	
  	
  
	
  higher	
  precision	
  budget	
  analysis	
  along	
  MAGIC	
  track	
  (instead	
  of	
  GPCI)	
  
	
  SCM	
  boundary	
  layer	
  parameterizaJon	
  tests	
  against	
  MAGIC	
  data	
  
	
  I’m	
  interested	
  in	
  the	
  consolidated	
  NAV	
  data,	
  and	
  in	
  the	
  radar	
  layer	
  height	
  VAP.	
  
	
  	
  

25	
  

CloudSat Low Clouds, JJA Mean
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